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In work with soft tissue calcification in cattle and sheep oc-

curring under field conditions it was noted that frequently, if

not always, analysis of liver showed very low levels of copper

(Bingley and Carrillo, 1966). It has been of interest that the

elastic fibers which are the site of early calcification in the aorta

are also the site of degeneration under copper deficiency condi-

tions.

Efforts to develop a satisfactory laboratory animal model to

study this soft tissue calcification suggested the possible need for

a low copper diet, especially if very low levels of the causative

agent were to be used. The guinea pig as an herbivorous animal,

known to be susceptible to soft tissue calcification, was chosen for

our studies.

The initial problem was to develop a satisfactory, palatable, low

copper diet. The commercially available low copper diets retained

sufficient copper to meet minimum needs of the animals. Our

attempts at preparing such a diet faltered on the problem of

palatability.

We obtained a pelleted low copper Reid-Briggs diet from Nu-

tritional Biochemical Co., Cleveland, Ohio. It consisted of vitamin

free casein, alphacel, sucrose, corn oil, and a copper free mineral

mixture. Analysis by Bechman Atomic Absorption Spectrometer

indicated 4 ppm Cu, significantly higher than our goal of 1 ppm

Cu.

The difficulties experienced with the production or purchasing

of a palatable low copper diet suggested to us the possibility of

introducing a chelating agent which might reduce utilization or

produce a negative balance causing a functional if not an absolute

deficiency.

Since studies with human patients with Wilson's disease and

with normal subjects showed that penicillamine increased urinary

copper ( Walshe, 1956, 1956a, 1964; Scheinberg and Sternlieb, 1960)

and decreased the concentration of copper in the liver ( Scheinberg

and Sternlieb, 1960, 1963) this compound was selected for study

with guinea pigs. The present report is concerned with the results
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of our efforts to ascertain the influence of orally administered

penicillamine upon storage of body copper. Our eventual goal is

to produce a guinea pig with low copper reserves that may be

used in studies of cardiovascular calcification.

Experimental Procedure

Young male Hartley strain guinea pigs were purchased from

Simonsen Lab. Inc., White Bear, Minnesota, and were caged into

stainless steel cages with stainless steel wire floors. The metabolic

pans were also made from stainless steel. Purina Guinea Pig Chow

was fed during the experiment and contained 11.66 ppm of copper

as analyzed by the Atomic Absorption Spectrophotometer. D-

penicillamine was purchased from Nutritional Biochemical Co. and

used in the amount of 150 mg per day administered orally for

a period of 10 days. Daily (24 hours) collection of urine was

performed before penicillamine treatment for a period of 4 days

and during penicillamine treatment for 10 days. Total fecal col-

lection was done one time before and 3 times during penicillamine

treatment.

The urine was diluted one to one with trichloroacetic acid,

10 per cent, filtered, and stored in the refrigerator for further de-

termination. Feed, fecal, and tissue samples were first dried and

later ashed in a furnace at 600 C for 16 hours. The ashed

samples were digested for one hour on a hot plate with 50 per cent

concentrated HC1, filtered, and made up to volume with triple

distilled water.

The animals were killed 24 hours after the last dose of d-peni-

cillamine and blood, liver, kidney, and spleen were collected.

Hemoglobin was determined by the cyanmethemoglobin

method with a Bausch & Lomb Spectronic 20. Copper determina-

tions in plasma, feed, urine, fecal matter, and organs were per-

formed with the Perkin Elmer 303 Atomic Absorption Spectro-

photometer.

Results

In initial tests there was a high mortality rate with guinea

pigs receiving 150 mg dl-penicillamine orally, which is apparently

more toxic for the guinea pigs than the d-penicillamine, and it

was decided to use the latter in this experiment.
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The effect of d-penicillamine, upon the excretion of copper in

the urine during a ten day experimental period was significantly

higher (P<.01) than the excretion before the penicillamine was

administered to the animals (Table 1).

TABLE 1

Effect of d-penicillamine on copper retention in guinea pigs

Treatment Pretreated ( 4 days

)

Treated ( 10 days

)

Experiment No. 12 12
No. of Animals 8 8

~~

8

8

Intake (mg) 264.9 320.4 243.9 285,3

Fecal (mg) 228.1 281.2 205,3 245.0

Absorbed (mg) 36.8 39.2 38.6 40,3

Absorbed (% of intake) 13.9 12.2 15.8 14.1

Urinary (mg) 21.0 22.7 46.0 44.4

Urinary (% of intake) 7.9 7.1 18.9 15.6

Retention (mg) 15.8 16.5 -7.4 -4.1

Retention (% of intake) 6.0 5.1 -3.1 -1,5

Retention (% of absorption ) 42.9 42.1 -19.4 -10.2

The increased excretion of copper in urine started within 24

hours and reached the highest level on the 5th and 8th day.

In order to see the after effect of penicillamine on the urinary

copper excretion a second experiment was conducted. The urine

copper was determined for 10 days after the last dose of peni-

cillamine administration (Fig. 1).
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Fig. 1. Urinary copper excretion before, during, and after treatment

with d-penicillamine.
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It appeared that urinary copper excretion reached a normal

level within 48 hours after the last dose of penicillamine intake.

All the treated animals, except two (one in each experiment),

showed a negative copper retention caused by penicillamine

treatment. It is also possible that penicillamine had an effect on

the absorption of dietary copper. Animals receiving penicillamine

had a higher per cent absorption rate than the pretreated ones.

However, in these experiments the difference was not statistically

significant (Table 1).

The negative retention of copper due to penicillamine adminis-

tration was reflected in a significant decrease in copper storage

in liver and spleen, but not in kidney.

The two animals on penicillamine treatment that showed a

positive retention had an amount of copper in liver and spleen

similar to that of the controls and both were significantly higher

than those in animals which had negative retention (Table 2).

TABLE 2

The effect of d-penicillamine on copper storage

Liver

Mg/gm

dry weight

Mg

total

Spleen

Mg/gm Mg

dry weight total

Kidney

Mg/gm Mg

dry weight total

Treatment

Normal

Treated

96.5

54.5

640**

280

39.0 8.80*

31.2 5.34

77.6 71.0n.s.

61.5 65.4

* P<.05

°°P<.01

n.s. not significant

There were no significant differences in the plasma copper,

hemoglobin content, and hematocrit between the treated animals

24 hours after the last dose of penicillamine and the controls.

Discussion

In the preliminary trials we tried to produce a very low copper

diet (<1 ppm) that was palatable for guinea pigs. Special feed

samples from General Biochemicals Corp., Chagrin Falls, Ohio,

and Nutritional Biochemicals Co. of Reid-Briggs formula for guinea
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pigs were also purchased and analyzed. The diet that contained

purified casein, sucrose, alphacel, corn oil, and copper free vitamin

mineral mixture was given to guinea pigs after gradually changing

from the Purina Chow. The pelleted purified feed was less palat-

able and produced diarrhea. The copper content of this diet

was determined by both the Perkin Elmer and Beckman Atomic

Absorption Spectrophotometers and ranged between 2 to 4 ppm.

Although we kept these animals on this low diet for more than 3

months, they continued to gain weight and did not show signs of

Cu deficiency. Everson et al. (1967) succeeded in producing a

laboratory guinea pig diet which contained 0.5 and 0.7 ppm copper.

They used non fat dry milk solid, glucose (cerelose), EDTA
treated alpha-cellulose, cotton seed oil, salts, and vitamin mineral

mixture in the feed and the copper content was determined by

the carbamate colorimetric method. We elected to pursue a dif-

ferent technique.

Due to these difficulties in securing a diet which contained

copper less than 1 ppm as determined by atomic absorption spec-

trophotometry, the penicillamine treatment was used to produce

animals with a low copper storage in the body.

Experiments conducted in rats have shown that dl and 1-

penicillamine are toxic and the LD 50 per oral administration has

been found to be 365 mg/kg body weight ( Aposhian and Aposhian,

1959; Wilson and du Vigneaud, 1950). This toxicity was attributed

to the involvement of dl-penicillamine with the pyridoxal-5-phos-

phate and the increased pyridoxine excretion in urine. Dl-peni-

cillamine was shown in our experiments to be toxic for guinea pigs

when they received orally about 320 mg/kg of body weight.

However, d-penicillamine was not toxic to guinea pigs at a dose of

400 mg per kg of body weight, although the body weight gain

was lower during the 10 days treatment.

Walshe ( 1964 ) in his clearance studies in Wilson's disease pa-

tients supports his hypothesis that penicillamine depletes the body

stores of copper. Direct evidence for a fall in the concentration

of copper in liver was shown by Scheinberg and Sternlieb (1960).

Walshe ( 1964 ) suggests the probable immediate action of penicilla-

mine is to render the plasma copper available for filtration at the

glomerulus by breaking the copper-albumin linkages.

In this experiment the increased urinary copper during the
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ten days caused a significant decrease of copper storage in the

liver and spleen, but not in the kidney. The copper present in

the glomeruli and tubules of the kidney, perhaps in process of

excretion may have been the cause of the nonsignificant difference

in the copper content between the treated animals and the con-

trols.

It is our belief that penicillamine given to guinea pigs for

a longer period may cause a depletion of the body copper stores

and that these animals can then be utilized in experiments re-

quiring low copper reserves.

Summary

Guinea pigs treated with d-penicillamine orally for 10 days

excreted in their urine 2 to 4 times the copper found in the urine

of the controls. The d-penicillamine was not toxic as compared

to the dl-penicillamine at a level of approximately 400 mg per kg

body weight. The copper storage in liver and spleen was signifi-

cantly decreased.

This treatment may be used as the alternative of feeding low

copper diet in conditioning guinea pigs for further experiments to

study the relationship of copper deficiency to soft tissue calcifica-

tion.

Literature Cited

Aposhian, H. V., and M. M. Aposhiax. 1959. N-acetyl-dl-penicillamine,

a new oral protective agent against the lethal effects of mercuric

chloride. Jour. Pharmacol. Exptl. Therap., vol. 126, pp. 131-135.

Bingley, J. B., and B. J. Carrillo. 1966. Hypocuprosis of cattle in the

Argentine. Nature, vol. 209, pp. 834-835.

Everson, G. J., H. C. Tsai, and T. I. Wang. 1967. Copper deficiency in

the guinea pig. Jour. Nutr., vol. 93, pp. 533-540.

Scheinberg, I. H., and I. Sternlieb. 1960. Metal binding in Medicine.

Eds: M. J. Seven and L. A. Johnson. J. B. Lippincott Co., Philadel-

phia.

. 1963. The dual role of the liver in Wilson's disease. Med. Clin.

N. Amer., vol. 47, p. 815.

Walshe, J. M. 1956. Penicillamine, new oral therapy for Wilson's disease.

Amer. Jour. Med., vol. 21, p. 487.

. 1956a. Wilson's disease new oral therapy. Lancet, vol. 1, p. 25.



36 Quarterly Journal of the Florida Academy of Sciences

-. 1964. Endogenous copper clearance in Wilson's disease: a study of

the mode of action of penicillamine. Clinical Sci., vol. 26, p. 461.

Wilson, J. E., and V. du Vigneaud. 1950. Inhibition of the growth of

the rat by 1-penicillamine and its prevention by aminoethanol and

related compounds. Jour. Biol. Chem., vol. 184, pp. 63-70.

Division of Biological Sciences, University of Florida, Gaines-

ville, Florida S2601. Supported in part by NIH grant AM 09089.

Quart. Jour. Florida Acad. Sci. 31(1) 1968(1969)


